A semiempirical formula o(AA, E0, A0), giving the sum of the spallation cross sections of the products of an isobar as a function of the mass loss A A, the primary energy E0 of the irradiating particle and the atomic mass number A0 of the target nucleus is deduced. The formula is intended to be used for the interpretation of the spallation product distribution in meteorites, in the atmosphere of the earth and hopefully in cosmic dust and lunar surface samples.
Spallation Formula Deduced from Cascade and Evaporation Theories
Compared with Experiments U. SCHWARZ * and H. OESCHGER Physikalisches Institut, University of Bern, Switzerland (Z. Naturforschg. 22 a. 972-974 [1967] ; received 23 March 1967) A semiempirical formula o (AA, E0, A0) , giving the sum of the spallation cross sections of the products of an isobar as a function of the mass loss A A, the primary energy E0 of the irradiating particle and the atomic mass number A0 of the target nucleus is deduced. The formula is intended to be used for the interpretation of the spallation product distribution in meteorites, in the atmosphere of the earth and hopefully in cosmic dust and lunar surface samples.
Due to the refinement of observational techniques considerable experimental data are now available concerning production rates of spallation products (induced by high energy particles) in meteorites and the atmosphere. The interpretation of the results is very often difficult because most of the (differential) cross sections are not determined experimentally. It is therefore necessary to make estimates of the cross sections of the products, depending on the primary energy E0 of the irradiating particle and * Now at Kapteyn Laboratory, Groningen. The Netherlands. this relation has been reported already by GFELLER et al. 6 . The analytic representation of spallation products has the advantage that it allows the derivation of simple relations among the production rates of spallation products, depending on AA and the energy spectrum of the reacting particles, which in special cases nearly equals the energy spectrum of cosmic radiation 7 .
The cross section for the production of the individual nuclei on the isobar can be derived from our relation o (AA, E0 , A0), making use of the experimental result that these cross sections can be approximated by a GAussian function 2 ' 8 .
In the Monte Carlo calculations, the statistical fluctuations are high for the individual cross sections of the products due to the small probability for their production, especially for large mass or high primary energies. Therefore only the mean mass losses for different target elements with mass A0 and primary energy E0 will be determined and compared with the empirically determined mass losses.
Experimental Mean Mass Losses
In order to simplify the determination of the empirical mass losses, the spectrum of the sum of all products of an isobar is assumed exponential, as
given by the empirical formula of RUDSTAM 1 o(AA) = const-e'P A .
For normalisation it is assumed, that (1) is valid in the range 1 ^ A A ^ A0 . The mean mass loss per interaction is then: 
Mean Mass Losses by the Monte Carlo Calculations
From the papers of METROPOLIS et al. 4 and Dos-TROWSKY et al. 5 mean mass losses per interaction can be calculated in a first approximation by:
where AA' is the mass loss due to the primary cascade and AA" the mass loss due to the evaporation of the exited nucleus. There is a pronounced dependence on the primary energy E0 and the target mass 
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Derivation of the Parameters of the Spallation Product Distribution
Using the AA predicted by the Monte Carlo calculations p can be determined for different target 7 elements and primary energies from the formula (2) and (3) insignificant. Therefore, the same energy dependence is assumed and p is calculated using the following interpolation formula
The numerical values of the constants are: ct = 0.237 (GeV* 7 '), c2 = 0.020 when normalized on Cu. This gives a good fit for Al and a somewhat poorer one (10%) for Ru.
In order to determine the constant in (1), the fact can be used that the sum of all cross sections of the various products must equal the total inelastic cross section. o0 A0 S/ '(1 -t) , where o0 is a constant and t the transparency. The sum of all cross section, according to / and approximated by an integral, gives:
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